Purpose: There is Class I evidence for short-term efficacy of epilepsy surgery from two randomized controlled studies of temporal lobe resection. Long-term outcome studies are observational. The aim of this narrative review was to summarise long-term outcomes taking the study methodology into account. Methods: A PubMed search was conducted identifying articles on long-term outcomes of epilepsy surgery in adults with regard to seizures, antiepileptic drug treatment and employment. Definitions of seizure freedom were examined in order to identify the proportions of patients with sustained seizure freedom. The quality of the long-term studies was assessed. Results: In a number of high-quality studies 40-50% of patients had been continuously free from seizures with impairment of consciousness 10 years after resective surgery, with a higher proportion seizure-free at each annual follow-up. The proportion of seizure-free adults in whom AEDs have been withdrawn varied widely across studies, from 19-63% after around 5 years of seizure freedom. Few long-term vocational outcome studies were identified and results were inconsistent. Some investigators found no postoperative changes, others found decreased employment for patients with continuing seizures, but no change or increased employment for seizure-free patients. Having employment at baseline and postoperative seizure freedom were the strongest predictors of employment after surgery. Conclusions: Long-term studies of outcomes after epilepsy surgery are by necessity observational. There is a need for more prospective longitudinal studies of both seizure and non-seizure outcomes, considering individual patient trajectories in order to obtain valid outcome data needed for counselling patients about epilepsy surgery.
Introduction
Surgical treatment for epilepsy has long been recognized as a valuable treatment option for carefully selected patients with drug-resistant focal epilepsy. In adults most operations are temporal lobe resections (TLR), and there is Class I evidence for the short-term efficacy (1 and 2 years follow-up respectively) from two randomized controlled studies (RCTs) of TLR [1, 2] . Smaller numbers of patients undergo frontal lobe resections (FLR) or other extratemporal resections [3] . Very few adults undergo hemispherectomies [4] . In some patients palliative procedures such as callosotomy or other dissociative procedures may be indicated when resective surgery is not an option [5] . There are no RCTs for any of these surgical treatments.
The neurosurgical advances in epilepsy surgery develop toward minimally invasive techniques, with the ultimate aim to improve or maintain efficacy while reducing adverse effects. These techniques include radiofrequency thermocoagulation, MR-guided focused ultrasound, laser ablation and stereotactic radiosurgery [6] . There are as yet no prospective long-term reports of efficacy and safety for these new epilepsy treatments, the outcomes of which are therefore not addressed in this review. Palliative procedures (e.g., callosotomy) are not considered either due to the scarcity of long-term follow-up studies.
Until recently the knowledge about seizure outcomes after epilepsy surgery procedures was mainly based on short-term follow-ups (1-2 years). Epilepsy surgery candidates, however, are mostly young adults, and as well as information about the shortterm chances of seizure control versus risks (complications as well as expected adverse effects), they need detailed advice about likely long-term seizure outcome before deciding to undergo brain surgery.
Patients' aims for epilepsy surgery are not limited to seizure relief. To be able to stop antiepileptic drugs (AEDs) and to be employed (or when employed, to be able to work more than preoperatively) are among the most important of these aims [7, 8] . Realistic expectations concerning long-term seizure, employment and AED outcomes are therefore part of the information they need to consider.
Long-term outcome studies are by necessity observational since RCTs would be unfeasible as well as unethical. However, observational studies have methodological limitations which are also incorporated in systematic reviews of epilepsy surgery outcomes. In order to compare data from different observational studies, defined quality criteria are needed and a number of requirements for well-conducted studies on the prognosis after epilepsy surgery have been suggested: e.g., prospective study design, representative/population-based study populations, large enough cohorts, well defined inclusion criteria, satisfactory and complete follow-up, longitudinal follow-ups, masked assessment of outcome, clearly defined outcomes, adequate statistical methods and standard definition of prognostic factors [9, 10] . When reviewing the literature we have focused on studies which as far as possible fulfill these requirements.
The aim of this review is to focus on outcomes from epilepsy surgery regarding seizures, antiepileptic drug treatment and employment in adults beyond at least a 4-year time period following surgery.
Search strategy and selection criteria
For this review we performed a PubMed search without date limits or restriction on type of articles, but with language restrictions to English only.
The following search terms were used in various combinations: "epilepsy surgery" (4153 results) "long-term", outcome*, "antiepileptic drug*", employment, vocational, psychosocial. Titles that clearly indicated e.g., only pediatric populations, non-surgical series, case reports, non-resective procedures and vagus nerve stimulation were not considered further.
For long-term seizure outcomes, the search string "epilepsy surgery" AND "long-term" AND "outcome*" resulted in 348 references, 196 of which were further assessed by reading the abstracts and 95 by screening the full text. For long-term outcomes of AED treatment "epilepsy surgery" AND "antiepileptic drug*" resulted in 200 references, where 31 were assessed by reading the abstracts and 18 in full text. For employment outcomes "epilepsy surgery" AND (employment OR vocational OR psychosocial) yielded 143 titles; 57 were assessed by reading the abstracts and 30 in full text. In addition, reference lists of reviews or meta-analyses were checked for additional articles missed in the electronic search.
Reporting of seizure outcomes
When assessing the literature on seizure outcomes after epilepsy surgery it has to be considered that seizure outcome and seizure freedom is not consistently defined. The most commonly used scheme is the Engel classification with one original and one revised version [11, 12] , another is the International League Against Epilepsy (ILAE) outcome scale [13] . While part of the Engel classification (class I A and I B) takes account of the whole postoperative period, the ILAE classification refers to the seizure outcome the last year of follow-up and the seizure outcome class should be determined for each year at annual intervals after surgery. However, both classifications make it possible to identify patients who have been completely seizure free without auras since the operation (Engel class I A, and ILAE class 1a). In the original Engel classification class I B identifies those patients who have had auras only but no seizures with impairment of consciousness since surgery while the revised version accepts all non-disabling simple partial seizures for a class I B categorization. Both the Engel and the ILAE classifications exclude early postoperative seizures.
Many studies report seizure outcome the last year of follow-up and do not distinguish patients who have been seizure free since surgery, although this is the most important patient group to identify in order to advise surgical candidates about their chances of good outcome. Seizure freedom is most often defined as freedom from seizures with impairment of consciousness, or Engel I (which also includes class I C, i.e., patients who have had some seizures with impairment of consciousness after surgery but then been seizure free at least two years and class I D, i.e., patients who have had secondary generalized convulsive seizures on AED withdrawal). Some studies differentiate into completely seizure-free (Engel I A or ILAE Class 1a) or include patients with auras only in the category of seizure free (Engel I A and B or ILAE Class 1a and 2). Although both scales include a possibility to note worsening of seizure frequency postoperatively, this is seldom reported.
Long-term seizure outcomes
During the last decade an increasing number of epilepsy surgery centers have reported long-term outcomes in cohorts of patients following a variety of surgical interventions. The studies which best fulfill at least four of the above-mentioned criteria for well-conducted studies [9, 10] have been summarized in Table 1 .
Long-term outcome after resective epilepsy surgery is often reported cross-sectionally, which makes it difficult to discern temporal trends. In a meta-analysis from 2005 based on 78 studies, 66% of TLR patients, 46% of patients who had parietal or occipital resections (P/OLR) and 27% of FLR patients were seizure-free at follow-up five years post-surgery, but the authors point out that few studies reported sustained seizure freedom from surgery, most report seizure status last year of follow-up and cross-sectionally. Almost all studies described patient cohorts without controls [3] .
Several recent studies with prospectively collected long-term data on seizure outcome have provided better information about the chances of sustained seizure freedom. In the largest of these, which is a single-center study of 1160 patients (adults and children) with a cross-sectional follow-up of at least two years (mean follow-up 5.4 years, range 2.0-20.5 years), 50.5% were continuously seizure-free without auras [14] . In another single center longitudinal follow-up of 615 adults, 52% of all patients remained free from seizures with impairment of consciousness from the time of surgery (using an outcome classification which equals Engel I A and B) five years after surgery and 47% at ten years [15] . In a population based national study of 278 patients who had 5 or 10 year follow-up 190 were adults [16] . This study had a control group of 80 adults who had been presurgically evaluated but not had surgery. At long-term 41% of the operated adults had sustained seizure freedom (Engel I A and B [11] ) since surgery, compared to none of the controls.
Long-term seizure outcome after temporal lobe resections
A number of recent longitudinal long-term outcome studies report sustained seizure freedom after TLR. Most are retrospective single center series, only a few are prospective. Sustained seizure freedom is reported as Engel I [17, 18] , Engel I A [19, 20] or Engel I A and B [21] and in a few studies as ILAE class 1 and 2 [15, 22] . The proportion of patients with sustained seizure freedom around five years postoperatively varies between 44-55% [15, 16, 18, 19, 22] and 60-80% [17, 20, 21, 23] . Among the studies with more moderate rates of sustained seizure freedom three of five are prospective [15, 16, 22] . All studies reporting higher rates of sustained seizure freedom were retrospective. A few studies report longitudinal follow-up until 10 years. In one retrospective single center study in 325 patients (adults and children), 48% were continuously seizure free (defined as Engel I A, B and D) after five years and 41% after 10 years [18] . In the earlier mentioned study of 615 adults 497 had TLR and 55% of them were seizure free (without or with auras) after five years and 49% after 10 years [15] .
TLR constitute the majority of resective epilepsy surgery procedures in adults. It is therefore not surprising that most of the long-term outcome studies and especially those presenting longitudinal outcome data using survival methods concern TLR. It is possible to study the long-term prognosis in this more homogenous group of patients. Many factors may influence seizure outcomes e.g., referral bias, epilepsy center experience and resources, time period and histopathology. Fig. 1 illustrates a survival analysis with data from three large centers of time to first seizure (defined as seizures with impairment of consciousness) in adult patients (18 and older) who have undergone any variety of TLR and in whom the main histopathology was mesial sclerosis.
Most relapses were seen in the first five years after which there was some flattening of the gradient. The similarity between the curves from three large single center series from three continents indicates that although factors such as referral or selection bias and differences in presurgical evaluation or surgical procedures may influence outcomes, there seem to be common underlying risks for relapse. It has recently been suggested that temporal plus epilepsy is a major determinant of TLR failures. In a retrospective study from two large centers, 168 patients were included who had TLR of whom 78% had mesial sclerosis. The mean follow-up was 7 years with a minimum of 2 years and the risk of TLR failure was 5.06 (95% CI: 2.36-10.382) greater in patients with temporal plus epilepsy than in those with unilateral temporal lobe epilepsy [25] .
Long-term seizure outcome after frontal lobe and other extratemporal resections
In a recent systematic review of long-term outcomes after FLR, the authors identified 21 articles from 1991 to 2010 containing data from 1199 patients (adults and children) with a mean or median follow-up of at least 4 years [26] . All studies were retrospective or prospective single center series and the seizure free rates at long term varied from 20% to 78% across individual studies with no significant trend toward better outcomes over time. The overall rate of postoperative seizure freedom reported as Engel I was 45%. The seizure outcome at five years defined as Engel I in the only two studies that provided longitudinal data were 47% and 27% respectively [27, 28] .
In a few of the studies published after 2010 the reports of longterm outcomes in patients after FLR or other extratemporal resections include information on sustained seizure freedom since surgery. Five years postoperatively these proportions range from 14.7% (Engel I) [29] , 27% (Engel I) [28] , 35% after FLR and 33% in other extratemporal resections (Engel I A and B) [16] to 47% (Engel I, 34.8% Engel I A) [27] . In one cross-sectional FLR study with a mean of six years follow-up 24% were reported to have sustained seizure freedom (Engel I A) [30] .
The widely varying long-term seizure outcome after extratemporal resections may in part be due to varying histopathological diagnoses; seizure freedom rates range from 14% at five years (Engel I A and B) [29] (mostly patients with focal cortical dysplasia) to 55% at five years (Engel I) [31] and 52% at 10 years (Engel I, mostly patients with lesional etiology) [32] .
Predictors of long-term seizure outcomes after resective epilepsy surgery
The following prognostic factors have consistently been found to be associated with a better short-term post-surgical seizure outcome: an abnormal pre-operative MRI, no use of intracranial monitoring, complete surgical resection, presence of mesial temporal sclerosis, concordance of pre-operative MRI and electroencephalography (EEG), history of febrile seizures, absence of focal cortical dysplasia/malformation of cortical development, presence of tumour, right-sided resection and presence of unilateral interictal spikes [33, 34] . Several investigators have looked for predictors for seizure freedom (positive) or seizure recurrence (negative) also at long-term (at least four years). While some found no remaining predictors in multivariate analysis [19, 22, 30] , others have identified a number of predictors. Commonly identified predictors for seizure freedom or "good outcome" are positive MRI and histopathology (varying depending on types of pathology included in analysis) [15] [16] [17] [18] 28, 29, 35, 36] . Positive predictors in patients at least four years after FLR were lesional epilepsy, abnormal MRI, localized resection as opposed to more extensive frontal or multilobar resections [26] . In lesional cases, gross-total resection (as opposed to subtotal resection) led to better seizure outcome. Several factors have been identified as predictors negatively related with long-term seizure freedom: generalized convulsive seizures at baseline [18, 37, 38] , long epilepsy duration [14, 16, 36, [39] [40] [41] , higher age at surgery [15, 32, 38, 42] , high baseline seizure frequency [16, 43] , postoperative interictal epileptiform discharges [35, 39, 44] and early postoperative seizures [28, 29, 45] .
The one predictive factor that is tractable -epilepsy duration before undertaking presurgical investigation -has repeatedly been shown not to have shortened significantly over the years [2, 14, 46] . These results from long-term outcome studies underline the importance of earlier identification of good candidates for resective epilepsy surgery. The duration of epilepsy in adults referred for presurgical evaluation is still 15-20 years [47] , a time period which for many of the young adults referred is more than half of their lives. Earlier epilepsy surgery has the important potential to decrease or even prevent many of the disabling psychological and social consequences of epilepsy.
Patterns of remission and relapse
Several studies have pointed out the changing pattern of seizure control over time which complicates the process of evaluating surgical outcomes. In a retrospective study of 175 patients who had been seizure-free for one year after resective epilepsy surgery, 63% never relapsed during a mean follow-up of 8.3 years. The likelihood of remaining seizure-free declined to 56% over 10 years, but half of the patients who relapsed had at most one seizure per year [48] .
In a US multi-center follow-up of 223 patients who at some point during follow-up (two to seven years) had entered a two-year remission, 25% relapsed later. Patients who entered a two year remission immediately after surgery were less likely to relapse later than those who had a two-year remission at a later time [37] . In another study of 285 patients who had one year of postoperative seizure freedom, 18% had relapsed by five years and 33% by 10 years, but at last follow-up (after a mean of 8 years), only 13% were not seizure free [38] .
In a recent long-term follow-up from UK of 615 adults, 68-73% of patients had been seizure free (or had only aura) the previous year at any time during follow-up. Patients who were seizure free two years after surgery, had an 80% chance of still being seizure free after another five years, and those who were continuously seizure free five years postoperatively had an 89% chance of still being seizure free after another five years [15] .
Long-term outcomes of antiepileptic drug treatment
There is no consensus regarding management of antiepileptic drugs (AEDs) after successful epilepsy surgery [49] and no systematic studies of the optimal timing of postoperative drug withdrawal in adults. Side effects of AEDs contribute to poor quality of life [50] , and many patients have expectations to withdraw AEDs after successful surgery [7, 51, 52] . On the other hand, patients have many aspects to consider when deciding for or against AED discontinuation, not least the psychosocial consequences of a seizure recurrence with regard to occupational abilities or driving. The framing of risk information influences patients' decisions [53] and in one study where medically treated seizure-free patients were counseled about individualized recurrence risks based on a computer-based predictive model, the majority decided to continue AEDs [54] . Framing of information may be one reason behind the varying proportions of adults seizure-free after epilepsy surgery in whom AEDs have been withdrawn in different studies. In a meta-analysis from 2007 nine studies were identified and a pooled analysis showed that only 19% of seizure-free adults had discontinued AEDs at a mean follow-up of seven years [55] . One study from UK found that at last follow-up (median 8 years) 28% of seizure-free patients were off AEDs [15] and in a recent US study with a mean follow-up of 4.6 years, 19% of all TLR adults had discontinued AEDs [56] . On the other hand, in an Indian study AED withdrawal was systematically planned for all seizure-free patients after TLR and was successful in 63% of 258 patients who were followed for at least five years [35] . The same center also studied AED withdrawal after extratemporal surgery and found higher seizure recurrence rates than after TLR, with a cumulative probability chance of 52% to be seizure-free and AED free after 10 years [39] .
In a recent meta-analysis of the management of antiepileptic drugs following epilepsy surgery, original studies comparing seizure outcomes in patients who did or did not discontinue AEDs after epilepsy surgery were reviewed [57] . Sixteen articles fulfilled eligibility criteria and described outcomes in 1456 patients in whom AEDs were discontinued and 685 patients with no discontinuation. The timing of withdrawal was reported to be mainly influenced by patient preference, a specific protocol for AED reduction was used in a minority of studies. The average interval to start AED reduction was 14 months and to complete AED discontinuation 30 months. The mean postoperative followup of all studies was 5.4 years (range 1-12 years). Interestingly, the authors found that the postoperative risk of relapse was lower in patients who withdrew AEDs than in those who stayed on drugs (OR 0.39, 95% CI 0.30-0.51), and suggest that most likely this difference is related with a selected population where discontinuation was attempted, who had a low risk profile for seizure recurrence. Another recent meta-analysis reviewed seizure recurrence in both medically and surgically treated patients and found no significant difference of long-term cumulative recurrence risk between surgical and medicationonly populations [58] . The cumulative relapse rates after start of postoperative AED reduction were 14% at 1 year, 21% at 2, and 29% after five or more years. No consistent set of predictors could be identified because a large number of variables were identified, many studies reported contradicting results, study populations varied considerably, and the quality of the original studies was often low. The risk of permanent loss of seizure control following postoperative AED withdrawal has been shown to be low: 75% (95% CI 72.4-79%) of patients who relapse regain seizure freedom after restart of medication [57] .
In a prospective longitudinal population based Swedish longterm follow-up study the proportion of patients who had discontinued AED treatment increased over time from 2, 5 to the 10-year follow-up at which time-point 43% of the seizure-free adults had stopped AED treatment [16] . Since there is no common Swedish protocol for discontinuation of AEDs in seizure-free patients, this trend could be interpreted to reflect that patients and their physicians trust the seizure-free state more as time goes by.
Long-term employment outcomes
Knowledge about employment outcomes after epilepsy surgery is of considerable importance, both from a health economic perspective and in relation to quality of life [59, 60] . However, longterm studies on employment outcomes after resective epilepsy surgery are scarce. Most are retrospective and cross-sectional and focus only on patients who have had temporal lobe resections [61] . There are some methodological aspects to consider when evaluating studies on employment outcome. Especially for people who are unemployed before surgery, it can take more than two years following surgery to find employment [62] . Studies with cross-sectional design reporting an average follow-up of 5 years may well combine the employment outcomes of patients from 6 months to 10 years post-surgery and hence not take this time perspective into account. Also, studies may include patients ranging in age from 17 to 60 years at the time of surgery, with widely differing employment perspectives, and report on them collectively at group level. Cross-sectional studies are also more sensitive to the current state of the labor market, and people with health problems may have more difficulties to find or retain work in times of recession [63] .
Hence, it is not surprising that results from longer-term vocational outcome studies after epilepsy surgery are inconsistent. Some investigators found no change in the number of employed patients after surgery [30, 60, [64] [65] [66] , others found a decrease in employment for patients with continuing seizures, but no change for seizure-free patients [67] , while some reported increased employment [62, [68] [69] [70] . A large prospective US multicenter study found little change in the whole cohort, but interestingly 25% of seizure-free patients who previously were disabled or unemployed were in gainful employment two years after surgery [60] .
In a recent prospective population based Swedish long-term follow-up study of employment at long term (5, 10 and 15 years) after resective epilepsy surgery there were no net employment gains in the whole cohort of operated patients [71] . However, subgroups based on preoperative employment status and postoperative seizure outcome had different pathways for long-term employment. In the multivariate analysis, the strongest predictors of being employed postoperatively at any time point were having employment preoperatively, favorable seizure outcome and younger age at surgery. Odds ratios for being employed 10 years after surgery were 6.5 (95% CI 3.0-14.1) for full-time employment preoperatively, 2.6 (95% CI 1.1-6.3) for part-time employment preoperatively, 2.5 (95% CI 1.4-4.8) for seizure freedom and 0.6 (95% CI 0.4-0.8) for younger age at surgery, calculated per 10 years younger. On the other hand, 16% of the patients who were on benefits before surgery and became seizure free worked full-time after 2 years, increasing to around 30% after 5 and 10 years.
In this study data on full-time employment were also compared between the general Swedish population and seizure-free patients (cf Fig. 2 ). In the general population, 65-71% of those between 25 and 54 worked full-time, decreasing to 53% for people aged 55-64. This can be compared to the seizure-free patients with 5 and 10 year follow-up after surgery, where 36-65% worked full-time up to age 54, but only 24-27% of the patients worked full-time after the age of 55. The reasons for this need to be further investigated. One possibility is that having had epilepsy for half of a person's life leads to impairments that may not always be measurable and that these may become more apparent with age [61] .
Longitudinal studies are needed, making it possible to track individual trajectories of employment outcomes, relative to nonsurgically treated epilepsy controls and also taking the employment in the general population into consideration. Other factors of probable importance for retaining or obtaining work, such as cognitive level and psychiatric or other comorbidities also need to be addressed.
The effectiveness of postoperative vocational rehabilitation strategies is another important aspect which requires systematic research. The literature is surprisingly scarce, but the importance of rehabilitation after epilepsy surgery was highlighted in a recent study where taking part in a rehabilitation program had the same impact as seizure freedom on employment outcome [72] .
Conclusions and future directions
Epilepsy surgery is an efficacious treatment for selected persons with drug-resistant focal epilepsy, rendering many seizure-free and others significantly improved. For many years follow-up data were limited to a few years after surgery. However, most adult prospective surgical candidates are young, and in order for them to make an informed decision about the treatment option of neurosurgery, it is imperative that the long-term perspective forms an integral part of presurgical counseling.
Long-term longitudinal observational studies are necessary in order to obtain valid outcome data. From a number of such studies the proportion of patients who have been continuously free from seizures with impairment of consciousness since resective epilepsy surgery is around 40-50% after 10 years while a higher proportion have been seizure-free at least a year at each time-point assessed. Hopefully the advances in neuroimaging, neurophysiological investigations, and development of methods for data postprocessing which have increased the possibility of accurately localizing the epileptogenic zone to be resected, will also lead to even better long-term outcomes.
In a recent volume on long-term outcomes of epilepsy surgery in adults and children [24] , the aim was to address outcomes beyond seizure control and beyond 5 years of follow-up. In summarizing the literature it turned out not only that long-term studies of seizure outcome were relatively rare, but that studies of the wider aspects of surgical outcome were even more scarce. There is an urgent need for more longitudinal observational studies of non-seizure outcomes. Such studies need to consider individual patient trajectories over time and take comorbidities into account.
Shortening the duration of epilepsy at surgery by referring patients for presurgical investigation earlier is the single most important factor possible to influence that can improve the prognosis for good seizure outcome of epilepsy surgery. Even if earlier evaluation for epilepsy surgery does not per se carry a higher remission rate, earlier evaluation for surgery would also help preventing many of the psychosocial problems related to longstanding drug resistant epilepsy.
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